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 This study reviews the evolution of smart applications of microcontroller-
based wireless/wired remote monitoring systems. Rapid developments in 
science and technology offer the advantages of using integrated embedded 
chips, microprocessors, and microcontrollers. The use of microcontrollers in 
industrial processes, such as automobiles, aeronautics, space, robotics, 
electronics, defense applications, mobile communications, rail transport, and 
medical applications, is rapidly increasing. This study aims to review the 
progress of microcomputers in smart remote monitoring and controlling 
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Microcontroller evolution has attracted considerable interest from researchers in automated 
applications because of their performance and effectiveness. Microcontroller evolution is used in daily 
applications in different fields, such as medical applications, automation systems, wireless communications, 
and control systems. Control systems can be developed using various types of microcomputers, such as PIC, 
dsPIC microcontroller, and Arduino controller. The primary applications that use PIC16F and Arduino 
controllers are reviewed in this study. The efficient advantages of these controllers are used to develop the 
presented applications [1, 2].  
Engineering software tools such as MATLAB and LabVIEW demonstrate the flexible control of 
integrated applications [3, 4]. These tools satisfy the need for flexibility, performing measurements, and 
observing tasks in different fields. Moreover, the increasing demands of the industry to extend the remote 
controlling and monitoring of various devices are fulfilled. These tools also construct the graphical 
presentation of measured values based on user requirements and preferences. 
 
 
2. MICROCONTROLLER APPLICATIONS 
Smart house applications can be used to perform unlimited tasks, including intelligent parking, 
which may likely fulfill the aim of managing and protecting cars in residential parking areas. The parking 
area can be managed and organized with smart technologies and tools based on image recognition technology 
and the Arduino controller to effectively integrate image-processing technologies [3]. 
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Monitoring and measurement can also be implemented to increase efficiency and decrease the cost 
of specific tasks. Control and design can be achieved with the aid of professional software, such as the 
National Instrument Laboratory Engineering Workbench (LabVIEW), modular measurement, and control 
hardware. Equipment can be remotely monitored using virtual instruments. The data can then be saved and 
analyzed for comparison with traditional tools and provide a safe system for users [4].  
Design and implementation of bluetooth video surveillance devices based on microcontrollers are 
offered in reference [5]. Portable wireless video surveillance devices are widely used due to the bluetooth 
hardware embedded in their systems. Furthermore, the presented design was intended for video surveillance 
devices capable of video data transmission between video servers and clients [5]. Various  applications have 
also been developed in different fields, such as syringe pumps, gas leakage warning systems, and smart green 
houses. 
 
2.1.  Syringe pump 
In this scheme, the development of a controlled injection pump is presented. The planned and 
manufactured enhanced injection pump is a medical application robot that can be used in health centers. The 
implementation of this device includes the development of complete mechanical and control systems that use 
the microcontroller. This device is designed and programmed to activate the pumping of specific amounts of 
medical solutions as requested by the user. Volume and speed of the fluid are controlled with the assistance 
of the microcontroller based on user preference.  
Figure 1 shows that the proposed system was successfully implemented and functioned 
satisfactorily. The results revealed good performance of the developed device in terms of accuracy and 
precision. Furthermore, a flow detection sensor was integrated to monitor the reference value, and the 
measured value was obtained from the developed device. The proposed system successfully functioned with 
high accuracy and obtained an average error of approximately less than 1.5%, which could be considered an 
excellent value compared with those of existing devices. The proposed design has the advantage of 
supporting the use of commercially available injection syringes. The figure also shows that the system is 
cost-effective compared with similar devices available in the market. 
Finally, the syringe pump module was tested at a fixed speed of 100 ml/h, with volume rate size 
changes from 2 ml to 10 ml. Figure 2 presents the comparison between the reference and measured values. 
The results show that the proposed model fuctions with satisfactory accuracy at the commonly used speed 





Figure 1. Developed syringe pump system 
 
 
Figure 2. Error at 100 ml/h 
 
 
2.2.  Gas leakage warning system 
Liquefied petroleum gas (LPG) was invented in 1910 and is now widely used in homes for cooking 
purposes [7]. Despite the higher cost of LPG compared with new types of fuels, such as fuel wood, LPG is 
still considered cleaner for home usage owing to its low impact on air pollution [8, 9]. In some cases, 
gas leaks may cause accidents that can lead to increased financial losses, apart from the human injuries 
caused by the explosion of gas cylinders. The risk of these explosions has increased in recent years because 
of external factors, such as corrosion, construction defects, material failures, old valves, worn-out regulators, 
and lack of awareness in the use of gas cylinders.   
To avoid the hazard of a gas leak or fire, a system that warns us of gas leakage is investigated and 
implemented. Figure 3 shows a general scheme of the proposed gas leakage warning system. The LPG 
leakage detection system detects leakage by utilizing specific gas sensors with the help of a microcontroller. 
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A buzzer is activated to generate a series of warning messages as audio or visual alarms, thereby resulting in 
the closure of the gas supply valve. A small amount of LPG gas leakage near the sensor is detected and the 
buzzer activates the audiovisual alarm, causing the gas supply valve to shut down. The consumer and fire 





Figure 3. General scheme of a gas leakage warning system 
 
 
The primary feature of the proposed model is its use of a mobile phone application based on a leak 
detection gas sensor with the help of a microcontroller, which is needed to proficiently and continuously 
sense the LPG gas with a rapidly working controller. The sensor, which is used to detect the presence of gas 
in the air, must be sensitive to propane and butane. The developed scheme senses the leak with the help of the 
microcontroller, which automatically initiates an instruction for the system to lock the regulator solenoid 
valve and avoid further leakage from the cylinder. Simultaneously, a buzzer alarm is activated in the room. 
A message is then sent to the houseowner and the fire station by means of a global system for mobile (GSM) 





Figure 4. System functionality flowchart 
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The designed system contains a wireless transmission system based on Bluetooth, with power 
supply and detection gas sensor as inputs to the Arduino microcontroller for further processing control. 
Figure 5 shows the input sensor to resolve the required output of the warning system. The system will then 





Figure 5. Gas leakage warning system 
 
 
2.3.  Smart green house 
The proposed remote control system is a model of a Green-House, which uses smart technology to 
provide suitable plantation environments. The proposed system aims to supply plants and trees with the 
required nourishment from sunlight and protect them from the harmful effects of the sun. Figure 6 shows the 
remote control system used with the Arduino microcontroller to adjust humidity and temperature, soil 





Figure 6. System process 
 
 
A greenhouse model is developed and proposed to successfully control systems that monitor plant 
growth by closely analyzing the relationship between indoor environmental information and monitored 
information, such as temperature and soil humidity. This system also automatically collects information and 
effectively controls the greenhouse from a remote location through a GSM modem. Figure 7 shows the 
general flow of the system. 
The main advantage of the proposed smart greenhouse is the use of smart technologies, which could 
make smart greenhouses user friendly at low cost. Consequently, the middle class can afford smart 
greenhouses and benefit from their convenience and safety. Figure 8 shows the flowchart of how the system 
works. In the beginning, the system receives analog data measured by the sensor. The system detects the 
measured quantities and converts the analog data into digital data by using an analog digital converter with 
the help of the microcontroller. The data are then recorded and transmitted via GSM transmission system. 
Figure 8 presents the overall flow of the designed programming control code. 
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Figure 8. Overall flow of the designed programming control code 
 
 
This proposed prototype offers a fully automated greenhouse management system. Experiments 
validate that the system fulfills all the requirements related to greenhouse monitoring. The automatic 
greenhouse sensor design can assist in increasing plantation productivity. The proposed design provides 
automatic control over different devices, such as light and motor pump. This design also has the mechanism 
to alert farmers on parameter changes in the greenhouse to facilitate early precautionary steps. Figure 9 
shows the hardware design of the greenhouse monitoring system. The implementation of the proposed design 
could continuously increase the productivity of cropping, leading to a resolution of the famine problem 
around the world. In addition, the greenhouse monitoring system can be integrated with GSM to make it 
better than other systems using different technologies. 
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Figure 9. Hardware design of the greenhouse monitoring system 
 
 
2.4.  Microcontroller and electro-optic technique 
Microcontroller-based systems are simple, low cost, and user friendly. Figure 10 presents a fiber-
optic remote monitoring technique designed to measure the CO concentration in the environment. 
The proposed design is equipped with an electrochemical sensor array to sense CO contamination and control 
and monitor air quality. The results obtained from computer analysis and the microcontroller-based model 
show an increased degree of safety. The remote operation in places under hazardous conditions through the 
fiber-optic communication network provides the required isolation for such environments. Moreover, 
monitoring becomes a demand in the detection of toxic gases in the surrounding environment. The detection 
of these gases is based on different techniques, such as infrared spectrograph technique for CO2 





Figure 10. TGS2600 gas sensor measurement circuit 
 
 
A monitoring system based on the Zigbee technology sensor network for coal mine protection has 
been developed to collect and record the values of methane concentration. The proposed system is likewise 
capable of measuring the amount of humidity in underground mines using the Zigbee sensor located inside 
the coal mine [12, 13]. The designed model also implements an embedded microcontroller for controlling 
and monitoring fluid transport in the peristaltic pump. The system electronic hardware mainly consists of 
STM32F4 development board, stepper motor driver circuit, and current, magnetic, and arterial pressure 
sensors. Sensor circuits were developed in parallel with the development of embedded software, which 
mainly consists of different routines. These routines are programmed and designed for monitoring current, 
pressure, and magnetic sensors, as well as pump speed controller routines. The peristaltic pump system was 
tested with a mixture of water and glycerin with a viscosity similar to human blood [14]. 
Furthermore, an automated double-ring infiltrometer (DRI) system has been developed utilizing an 
Arduino microcontroller. The proposed design includes a Hall effect sensor, peristaltic pump, water level 
sensor, and constant-level float valve. The designed system is used in single-ring falling head and double-
ring constant head infiltration measurements. This system operates without the need for a portable computer 
in the field because real-time data are stored in the attached micro-SD flash memory card. The main 
requirement for this system is a single reservoir for the inner and outer rings wherein water can be added 
anytime as needed without affecting the measurements. The proposed design is mounted on a portable and 
weather-resistant box to test and run the DRI system in the field. The results show that the system is 
applicable for portable field measurement set-up [15]. 
                ISSN: 2088-8708 
Int J Elec & Comp Eng, Vol. 9, No. 4, August 2019 :  2354 - 2364 
2360 
Figure 11 presents an ultrasound scanner prototype hardware based on the 8051 microcontroller, 
which is controlled from a host laptop using MATLAB graphical user interface. The microcontroller 
interfaces with MATLAB software through an intermediate MEX “C” language program to obtain smooth 





Figure 11. Ultrasound scanner prototype hardware [16] 
 
 
Another scheme was implemented with the TMDXDOCKH52C1 Concerto Kit and a pair of 
ultrasound transducers. The presented scheme includes a microcontroller system for transmission, 
acquisition, and processing of ultrasound signals for nondestructive testing (NDT) of wood samples. 
The developed system can generate high-amplitude pulses (up to 500 Vpp) to excite an ultrasonic transducer. 
The data collected by the system can be used to determine parameters such as velocity, attenuation, and other 
parameters of ultrasound waves in wood samples for material characterization. The results of system testing 
show that the developed prototype meets the NDT application requirements [17]. Figure 12 shows the block 





Figure 12. Block diagram of the NDT system [17] 
 
 
Furthermore, a microcontroller system is designed to control the navigation of a mobile robot and 
avoid obstacles. The designed scheme functionality is based on ultrasonic sensors that work together with the 
navigation system. The presented design aimed to operate a mobile robot in a warehouse. The hybrid 
navigation system combines perception and dead reckoning to obtain satisfactory operation. 
The transformation of information into a functional form is appropriate for production navigation decisions, 
which can be considered sensor fusion [13, 18]. 
Figure 13 shows a microcontroller-based interface circuit for inductive sensor measurement. 
The proposed technique was implemented using a low-cost microcontroller, which appropriately excites RL 
circuits to measure the discharging time of the voltage across each inductance (i.e., sensing and reference). 
Then, the measured discharging times are used to estimate sensor inductance. The results show a nonlinearity 
error lower than 0.5% at full-scale span when measuring inductances from 1 mH to 10 mH and from 10 mH 
to 100 mH. The circuit only requires an external resistor and a reference inductance in addition to the 
microcontroller and sensor. Hence, two RL circuits with high-pass filter are formed [14, 19]. 
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Figure 13. (a) Microcontroller-based interface circuit for an inductive sensor (Lx) and 
(b) transient response of the voltage at pins 1 and 2 when measuring the RL circuit that includes Lx [14] 
 
 
A microcontroller-based instrumentation system for air pressure monitoring is also implemented 
using optical fiber sensors. The developed system consists of a laser source, a beam splitter, two multimode 
optical fibers, two light-dependent resistance (LDR)-based timer circuits, and an AT89S8252 
microcontroller. The beam splitter is used to divide the laser beam into two parts, and then the two beams are 
launched into two multimode fibers. One of the multimode fibers is used as the sensor fiber, and the other 
one is utilized as the reference fiber. The reference fiber eliminates the environmental effects disturbing the 
air-pressure magnitude measurement. The laser beams from the sensor and reference fibers are applied to two 
identical LDR-based timer circuits. The microcontroller samples the frequencies of the timer circuits using its 
counters, and then the counter values are processed to identify the measured magnitude of air pressure [20]. 
A PV emulator that models the electrical characteristic of a photovoltaic (PV) panel is also 
presented to authenticate the design and testing of PV power systems. The I–V curve of PV is the key 
characteristic for PV modeling. The proposed method uses piecewise linear approach because of its 
simplicity in deriving and implementing a low-cost microcontroller. A two-switch buck–boost DC/DC 
converter is selected as the PV emulator. The experimental results of the developed model of the PV 
emulator show the effectiveness of the proposed approach [21]. 
The design and implementation of a chip-type airborne sound warning system is presented. 
The proposed system mainly consists of a monolithic integrated circuit P87C52X2FN and a voice chip 
ISD4003-8 M as the core. The main advantages of the proposed warning system include strong function, high 
precision, and easy operation [22]. Moreover, a device that controls the E-test strip application is designed. 
The developed device was implemented based on a PIC16F877A microcontroller. The main function of the 
developed device is to combine two devices, which are needed for the E-test strip application's stages, 
into one to reduce the cost. The proposed design was implemented and tested in the laboratory and actual 
environment. The test results show that the designed system can be used in hospitals [23]. 
Numerous studies have shown that artificial hypothermia of the brain under the condition of 
anesthesia with a rectal temperature decreased to 33°C produces remarkable prophylactic effects, thereby 
protecting the brain from anoxia. In the presented study, a microcontroller-based design for the human brain 
hypothermia system (HBHS) is constructed for cooling and heating the brain. HBHS consists of a 
thermoelectric hypothermic helmet, a control unit, and a power unit. Helmet temperature is controlled by an 
8-bit PIC16F877 microcontroller, which is adjusted between −5°C and +46°C with an accuracy of 
+/−0.5 °C [24]. Moreover, a heating rate controller is obtained using an AT89C55WD microcontroller for the 
measurement of thermo luminescence (TL) in alkali halides and other related compounds. The proposed 
device can also measure temperature and the amount of light emitted by the sample for TL studies [25].  
An intelligent distributed controller is designed for freshwater aquaculture plant. The proposed 
design is based on an ATmega8535 microcontroller platform that enables the control of various 
environmental parameters under optimum conditions. The presented design is a compact, fast, flexible, 
distributed, and cost-effective solution for the control of required parameters, such as temperature, lighting, 
dissolved oxygen, and pH values [26]. Another research presents the design and development of a resonant 
sensor for low range (0–10 grams) mass measurement. The use of the microcontroller in the proposed sensor 
has the advantage of easily extending the measured quantities to any range [27]. 
To measure the concentration of sodium in blood serum, a low-cost microcontroller-based sodium 
analyzer is developed. The proposed design is based on an ATmega8535 microcontroller and its associated 
peripherals. The sodium ion selective electrode is used as a sensor for the measurement. A platform is 
developed in “C” language to measure, analyze, and display the collected data. The results of sodium 
concentration measurement from the collected samples validate the effective performance of the designed 
instrument with the aid of linear regression analysis [28].  
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Similarly, a microcontroller-based repetitive transcranial magnetic stimulator (TMS) was developed 
and tested at low voltage levels. Design parameters of the TMS were determined and three 
PIC microcontrollers were used to control these parameters in the developed system. The frequency of 
stimulation pulses can be set to a predetermined value via the microcontroller, wherein one of the outputs is 
pulse width modulation (PWM). The other advantage of the designed system is the remote control of 
stimulation pulse, which uses ASK modulation technique. A performance test of the system was conducted 
and stimulation pulse was analyzed [29]. 
The design and test of the digital temperature control system is presented by reference [30]. 
The developed system uses an algorithm that implements a 100% duty cycle for temperature errors of 2°C or 
higher and a 25% duty cycle for temperature errors of 1 °C for the controller. The temperature rate 
measurements were constant for positive and negative temperature gradients. The system also enabled the 
incubator to reach the steady-state temperature in less than 70 s [30].  
A microcontroller-based system for dielectric constant measurement in liquids was designed and 
developed. The system measures the change in frequency of an XR–2206 function generator using an 
Atmel's AT89C51 microcontroller once the liquid forms the dielectric medium of the dielectric cell. 
The proposed system covers a wide range of dielectric constants for various liquids at various concentrations 
and at different temperatures [31]. In addition, a polarographic-type oxygen gas sensor and a gas 
concentration controller circuit are designed for medical applications. A case example, such as incubator 
environments, dries the air of the incubator environment during the control processes, and the oxygen gas 
flow is humidified by the designed ultrasonic nebulizer. The signal conditioning circuit obtains the required 
voltage levels and control processes using a high-speed PIC microcontroller [32].  
A BLDC motor drive system is an example of an industrial application of microcontroller-based 
systems. A microcontroller-based technique is proposed to minimize the torque ripples from current 
commutation to improve the performance of the BLDC drive system. This study presents a new switching 
technique that has been successfully implemented using a mid-range PIC microcontroller, which is 
commercially available at an affordable price. The PIC18F is used to generate the required PWM signals and 
control the power switches. Compared with conventional technique, the results of the proposed system 
validate its effectiveness with smoother output torque and current with 50% reduction of torque ripples [33]. 
These motors are now widespread due to the advancement of digital controllers in high-demand applications, 
such as electric vehicles [34]. Research on biological signal measurement systems using a smartphone is 
presented. The proposed system mainly consists of an instrumentation amplifier, filter, and AC/DC 
converter. The useful electrical signal with the aid of an algorithm parallelizes the process and can execute 
the output of earphone analog signal and microphone terminal at the same time. The experimental results 
demonstrate that the presented scheme operates properly [35].  
Finally, this review paper presents the different developed low-cost and smart techniques for safety 
and remote monitoring applications. Such applications are integrated with smartphone tools for end users’ 
convenience. The developed techniques may be implemented in the industry or the market because of their 
user-friendly platform and affordable prices. The use of microcontrollers in different home and industrial 
applications helps to implement up-to-date technology, such as easy integration with Internet of Things (IoT). 
IoT technology has the advantages of connecting with everything in the world and being green or 
environmentally friendly due to its low power consumption [36]. 
 
 
3. CONCLUSION  
An overview is conducted on the evolution of a microcontroller with low-cost and user-friendly 
applications for safety and health monitoring, and smarthouse applications. In addition, these 
microcontroller-based smart devices can be used in industrial applications, such as the BLDC drive systems. 
These systems can be obtained using microcontroller devices with wireless communication units. 
The applications proposed in this work aimed to review the significance of new technology and mobile phone 
applications to implement different developed techniques. Accordingly, an automated building, which is 
integrated with today’s smart technologies, can help realize a convenient and secure daily life. The proposed 
implemented applications show good performance and rapid response. Long-life devices can likewise be 
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